Multifactorial work-related diseases are diseases that occur in the general population, but may be exacerbated or partially caused by occupational exposures. There is increasing evidence to suggest that type 2 diabetes and cardiovascular diseases are associated with duration and time of working hours. Despite the role of diet in the aetiology of cardiometabolic disease being well established, gaps remain in understanding the relationship between working hours and diet. Studies that have compared the diets of shift to non-shift workers have reported inconsistent results, likely due to the heterogeneity of study design, including variations in the industry studied and dietary measurement methods used. There is a paucity of research investigating dietary intakes across different shift types, both inside and outside of working hours and in relation to duration of working hours. From the published research that exists, there appears to be growing consensus that night working is associated with a change in the temporal distribution of energy intake and poorer food choices. Epidemiological studies have shown that consuming a higher percentage of energy during the evening is positively associated with metabolic syndrome, while controlled studies have demonstrated an altered metabolic response to eating at night compared to during daytime hours. In the UK, 15% of the working population are employed in jobs that require shift work and 13% of employees work more than 48 hours per week. Understanding the complex relationship between working hours, diet and cardiometabolic health will provide an opportunity to improve the health of a significant proportion of the population.
Introduction
Employment is considered beneficial to society and to the health and wellbeing of individuals when occupational hazards are controlled (WHO 1985) . Unfortunately, during the course of employment, employees can be exposed to workplace factors that can be detrimental to their health. The World Health Organization (WHO) has defined two types of workrelated disease: (i) 'occupational diseases' -these occur as a direct result of workplace-specific exposures (e.g. asbestos particles and asbestosis) and (ii) 'multifactorial diseases' -diseases that occur in the general population, but may be partially caused or exacerbated by workplace exposures (WHO 1985) . The last few decades have seen a rise in the number of studies indicating that type 2 diabetes (T2D) and cardiovascular diseases (CVD) are likely to be multifactorial work-related diseases associated with the duration and time of working hours (Vyas et al. 2012; Gan et al. 2014; Kivim€ aki et al. 2015) .
The drive for productivity and the increasing requirements to provide 24-hour services has resulted in a move away from the traditional 9 a.m. to 5 p.m. working pattern. In the UK, 15% of the working population are employed in jobs that require shift work (ONS 2011) . The number of employees working night shifts increased by 9% between 2011 and 2016, with the caring and protection services being the highest employers of night workers in the UK (TUC 2017). In Canada, where the prevalence of shift work is 33%, it is estimated that the population attributable risk of shift work to coronary events is 7.3% (Vyas et al. 2012) . Therefore, as the UK shift work population is set to increase, it is important to understand how shift work influences health. Despite the European Working Time Directive (2003/88/EC) aiming to limit working hours to an average of 48 hours per week, UK employees work some of the longest weekly hours in Europe (Smith 2017) . The proportion of UK employees working over 40 hours and 48 hours per week is estimated to be 44% and 13%, respectively (BIS 2014) .
Diet is well established as a key factor in the aetiology of cardiometabolic disease development (Ezzati & Riboli 2013 ) and central to the management and primary prevention of T2D and CVD (Diabetes UK 2011; NICE 2014) . Given the observed health disparities associated with time and duration of working hours, better understanding is needed about the influence of this occupational exposure on dietary behaviour. This review summarises the current research and future directions in the field of working hours and nutritional research.
The associations between working hours and cardiometabolic health
In a research context, there is no consensus definition of 'standard' or 'usual' number of weekly working hours. However, working between 35 and 40 hours per week has been used as the reference group in previous studies (Kivim€ aki et al. 2015) . 'Long working hours' are generally defined at the duration when there is an observed negative impact on health. A meta-analysis, that included data points for over 600 000 employees from 24 occupational cohort studies across the US, Europe and Australia, found that after controlling for differences in sex, age and socioeconomic status, employees working ≥55 hours per week compared to standard hours had a 30% increased risk of stroke and a 13% increased risk of coronary heart disease (Kivim€ aki et al. 2015) . A recent study by Conway et al. (2017) identified a threshold of working 52 hours per week (worked over a period of 10 years or more) where there was an observed detrimental effect on health. This included a 28% increased risk of reporting poor general health and 42% increase in risk of CVD diagnosis.
Definitions of shift work vary between industries and countries. A commonly used definition is 'working outside of the standard daytime hours', which in the UK is defined as 7 a.m. to 7 p.m. (Health and Safety Executive 2006) . Shifts can occur at various times of the day (e.g. night, early morning and evening) and be arranged in different patterns (e.g. fixed, rotating). The aspects of shift work that have been shown to be associated with adverse cardiometabolic outcomes are rotating shift work, night work and long duration of exposure. Research from the Nurses' Health Study in the US observed that nurses working rotating shifts (at least three nights per month combined with other shifts) for 15 years or more were at 23% increased risk from CVD mortality compared to nurses that had never worked shifts (Gu et al. 2015) . Further findings from this cohort indicated a 5% increased risk in T2D per 5 years exposure to rotating shift work, after taking into account traditional risk factors (Pan et al. 2011) . Additionally, observational studies have shown rotating shift work to be associated with metabolic syndrome (De Bacquer et al. 2009 ), insulin resistance (Esquirol et al. 2012 ) and weight gain (Barbadoro et al. 2013) , and night work to be associated with metabolic syndrome (Wang et al. 2014 ) and T2D (Hansen et al. 2016) .
How do working hours influence diet?
The relationship between diet and shift work has been extensively reported in the literature with numerous narrative reviews published over the last decade (Lowden et al. 2010; Amani & Gill 2013; Nea et al. 2015) . There remains conflicting evidence to suggest differences in nutrient intake between shift and non-shift workers: some studies report no difference (Pasqua & Moreno 2004; Barbadoro et al. 2013; Wirth et al. 2014; Seibt et al. 2015) , while others suggest poorer diet quality in shift workers, with higher consumption of sugar (de Assis et al. 2003) , saturated fat (Esquirol et al. 2011; Hemi€ o et al. 2015) , sugars-sweetened beverages (de Assis et al. 2003; Tada et al. 2014 ) and lower vegetable intakes (Balieiro et al. 2014; Tada et al. 2014; Hemi€ o et al. 2015) . Despite a high level of heterogeneity across studies, common themes identified in the literature review conducted by Nea et al. (2015) were differences in meal and snacking frequency and poorer dietary quality in night workers. These findings are supported by a recent observational study of British police force employees that found night workers, compared to day workers (but not shift workers without night work), had significantly poorer overall diet quality, higher dietary energy density and higher intake of sugars-sweetened beverages (Gibson et al. 2016) .
To date, no systematic or narrative reviews have been published investigating the relationship between duration of working hours and diet. Between 1996 and 2017, seven studies were published in this area (Table 1) . Despite the heterogeneity across population samples and methodology, in a number of these studies longer duration of working hours was associated with increased fast food consumption (Devine et al. 2009; Escoto et al. 2010; Fan et al. 2015) and differences in the distribution and regularity of food intake (Maruyama & Morimoto 1996; Nakamura et al. 1998; Devine et al. 2009) . A recent study exploring the occupational determinants of diet quality in British police force employees observed that male employees working more than 48 hours per week were more likely to report a poorer quality diet (defined by the Dietary Approaches to Stop Hypertension quality index) than those working 40 hours or less per week, independent of geographical region, age and income (Gibson et al. 2017) . While there are inconsistent results showing an association between shift work and alcohol intake (Nea et al. 2015) , a recent meta-analysis found an association between high weekly alcohol consumption (>14 alcohol drinks for women and >21 for men) and working 55 hours or more per week, compared to 35-40 hours per week (Virtanen et al. 2015) .
The methodological challenges of investigating diet and working hours
Working atypical hours requires employees to alter their eating, physical activity and sleeping behaviours to accommodate their work schedule. Evidence suggests that shift workers tend to have an altered temporal distribution of energy intake compared to non-shift workers (Nea et al. 2015) . The time of energy intake may be an important confounder to consider as studies have indicated, independent of calorie intake and physical activity, that the timing of food intake can influence weight gain (Garaulet & G omez-Abell an 2014) . In particular, consuming a higher percentage of daily energy intake during the evening has been associated with metabolic syndrome and obesity (Bo et al. 2014) . Additionally, controlled feeding studies in humans have demonstrated that the timing of food intake can significantly influence postprandial blood triglyceride and glucose concentrations, with higher levels being recorded after identical snacks were consumed at 4 a.m. compared to 4 p.m. (Al-Naimi et al. 2004) . Furthermore, the effect of poor diet quality on metabolic risk may be potentiated by the time of consumption. A controlled trial found that the difference in postprandial blood glucose concentration following a high versus a low glycaemic meal eaten in the evening was greater than the difference observed between the identical meals consumed in the morning (Morgan et al. 2012 ).
There are insufficient published studies exploring whether shift workers have an overall poorer quality diet or if poorer eating habits only occur during working hours -crucial information for determining potential interventions. Evidence in the area of 'chrononutrition' -the interaction between nutrition and time of eating (Ruddick-Collins et al. 2018) -highlights the importance of collecting dietary data alongside data on eating patterns (e.g. time, frequency). Retrospective dietary assessment methods, such as food frequency questionnaires and diet histories, are frequently used in occupational cohort studies (Escoto et al. 2010; Pan et al. 2011; Pimenta et al. 2015) . While these methods can provide an indication of overall diet quality, the data cannot show how dietary intake or eating patterns differ across different shifts. Food diaries may provide the most reliable and appropriate method of measuring dietary behaviour in relation to working hours (Lindstrom 2016) . However, traditionally, food diaries have been segmented into predefined occasions (e.g. breakfast, lunch and dinner). These defined eating occasions may not fully characterise modern 'grazing' eating patterns or the altered eating structures observed in shift workers, and could potentially bias participant dietary reporting.
Adverse health behaviours rarely exist in isolation (Hu et al. 2003) , and factors related to time and duration of working hours may contribute to food choice; for example, sleep duration (Al Khatib et al. 2017) , job strain (Clark et al. 2016 ) and socioeconomic status (Bolton-Smith et al. 1991) . Workplaces are heterogeneous and therefore the wider determinants of dietary behaviour in relation to working hours are likely to be occupation specific. A study in nurses from South Africa found that the availability of food in the workplace, in addition to unsocial working hours, influenced health behaviours including overeating and unhealthy food choices (Phiri et al. 2014) , while research in Australian paramedics found that food choices at work were influenced by the organisational environment (e.g. meal break structure), the physical working environment (e.g. station location), physiological factors (e.g. hunger) and psychosocial aspects (e.g. colleagues) (Anstey et al. 2016 ).
Conclusions and future directions
As we move towards a 24-hour economy, more people are likely to be employed in jobs that require atypical working hours. As diet is modifiable, it is important for nutritional researchers to establish if and how diet contributes to increased cardiometabolic risk in these workers. There is a need for appropriately designed studies to investigate the dietary behaviours of employees with working patterns associated with increased cardiometabolic disease risk. Due to the methodological limitations of previous studies, the 'what, when and where' of dietary intakes in employees working atypical hours is not fully understood. Future observational studies should aim to address the following questions: (i) is diet a mediating factor between working hours exposure and health outcomes? and (ii) does diet moderate the relationship between working hours and health outcomes? Furthermore, a frequently overlooked aspect of working hour research is the co-existence of long working hours and shift work (H€ arm€ a et al. 2015) . This association has been observed in British police employees (Gibson et al. 2017) ; however, the significance of this in relation to dietary intake is yet to be investigated. To draw causal inference from observational findings requires biological plausibility. Chrono-nutrition studies, such as The Big Breakfast Study (Ruddick-Collins et al. 2018), which will characterise the physiological and metabolic responses to nutrients across the 24-hour day, will help shed light on the mechanisms underpinning working hours and cardiometabolic health. There is also a need for further qualitative work to understand drivers of dietary choice in employees. The combination of research from these different disciplines across the fields of nutrition and occupational health is essential to provide the evidence base to underpin future interventions and guidelines (e.g. on time of eating, diet quality and access to food) in this growing section of the UK workforce.
